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CELL POTENTIAL MEASUREMENT 
APPARATUS HAVING A PLURALITY OF 
MICROELECTRODES 

FIELD OF THE INVENTION 

This invention relates to a cell potential measuiement 
apparatus which is used in the field of electrical neurophysi- 
ology for measuring potential change associated with activi* 
lies of nerve cells or nerve organs. 

BACKGROUND OF THE INVENTION 
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Recently, medical investigations into nerve cells and the 
possibility of using nerve cells as electric elenients have 
been actively pursued. When nerve cells are active, action 
potential is generated. Ttds action potential arises from a 
change in ion concentration inside and outside the cell 
membrane which is accompanied by a change in ion per- 
meability in nerve ceils and thus horn the change in cell 
membrane potential accompanied thereby. Therefore, mea- 
suiing tiiis potential change accompanied by the ion con- 
centration change (dial is/ the ion current) near the nerve 
cells with electrodes enables the detection of activities of 
nerve cells or nerve organs. 

In order tt> measure the above-mentioned potoitial arising 
from cell activities, it is possible, for example, to insert an 
electrode comfmsing glass into an area of cells to measure 
extracellular potential. When evoked potential due to stimu- 
lation is measured, a metal electrode for stimulation is 
inserted tagetha witii a glass dectfode for recording. How- 
ever, measurement by the insertion of these electrodes has 
the possiblity of damaging the cells, and measurement over 
a long period of time is difficult to carry out In addition, due 
to restrictions of space and the need for operating accuracy, 35 
multipoint simultaneous measurements are also difficult to 
cany <Kit 

Therefore, the present inventors devdpped a planar elec- 
trode comprising an insulation substrate ml a multiplidty of 
microdectrodes and thdr drawer patterns formed thereon 40 
with the use of a conductive material, and cdl culture could 
take place on that surface (disdosed in Laid-open Japanese 
patent plication Kos. (Ibkkai HeQ 6-78889 and 
6-296S95). With this planar dectrode, multi<{)dnt dmulta- 
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holding instrument for providing electric stimulation to the 
cdls; and (Q a signal processing means to be connected to 
the electric connection means of die cdl holding instnunent 
for processing an output signal arising finom dectric physi- 
ological activities of the cells. 

It is preferable that the cdl potential measurement appa- 
ratus of this invention further comprises an optical obser- 
vation means for observing the cells optically. It is also 
pref^able that the cdl potential measurement apparatus of 
this invention further comprises a cell culturing means for 
maintaining an environment for culture of cells which are 
placed on the integrated cell holding instrument This con- 
figuration enables measurement over a long period of time. 

Generally, the measurement conducted by meaiis of the 
above-configured apparatus of this invention is carried out, 
for exaniple, in the following steps. Sample cells are placed 
in a cell holding part of an integrated cell holding instru- 
mrat and a plurality of microdectrodes contact die cells. 

An image of the cells is obtained by an optical observation 
means. A stimulation signal is q)plied between a pair of 
dectrodes selected optionally from the plurality of micro- 
dectrodes by a stimulation signal supply means via an 
dectric connection means. A change of evoked potential 
over time which is obtained in each of die oth^ dectrodes 
is provided to a signal processing means via the electric 
connection means, which is then output, for example, to a 
display device etc. after going through the necessary signal 
processing. Hie measurement of spontaneous potential 
which is not provided with a stimulation signal is carried out 
in a similar way. 

The above-mentioned dectric chemical measurement of 
cdls must be conducted in a condition in whidi the cells are 
alive. Therefore, it is common to use cultured cdls, and the 
cell holding part of the integrated cell holding instrument 
can be equipped with a culture mediuriL Since the integrated 
cell holdixig instrument is detachable from the measurement 
qyparattts, eadi integrated cdl holding instniment can be 
placed inside an (»dinary incubator for cdl culture and then 
taken out £nom the incubator aiid placed in the measurraieDt 
sqjparatus. When a cell culturing means is further provided 
to maintain an environment for culture of the celh on the 
integrated cell holding instrument, long-term measurement 
is enabled. This cell culturing means conqnises a tenqiera- 
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neous measurements of potential diange can be carried out 45 tuie adjustment means for mamtnimng a constant tenyera 



ture, a means for drculattug a culture solution, and a means 
for supplying a mixed gas of air and carbon <tio3dde (e.g., 
00i5%), 

It is preferable that the integrated cdl holding instrument 
conqdses a plurality of microdectrodes arranged in a 
matrix form (lattioed) <m the surface of a glass plate, 
conductive patterns fcff drawing these microdecttodes, elec- 
tric contact points ^liich are connected to edge parts of these 
conductive patterns, and a coating of insulation CO vering the 
suifiBce of these conductive patterns, and the cdl holding 
part is disposed in an area induding the plurality of micro- 
dectrodes. 

The use of a transparent glass plate as the substrate 
^ fadliates optical observations of the cdls. Therefore, it is 

tages, a cell potential measurement qiparatus of this inven- «0 preferable that the conductive patterns or the insulation 



without being affected by restrictions of apace at a plurality 
of pohits with a short dectrode-to-dectrode distance. Also, 
this dectrode etiabled long-tenn measurement 

However; a measurement qypatatus wUdi can eCELdeatiy 
use this kind of planar dectrode, conduct measurements ^ 
accuratdy and effidentiy, and inqnove the. arranging of 
ineasuremem resdts has been strongly desired. Theieforc^ 
is sin object of this invention to provide a cdl potential 
measurement apparatus wMdi is capable of accon^lishipg 
these needs in the ait 
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SUMMARY OF THE INVENTION 
In order to accon^)lish these and otiier objects and advan- 



tion comprises (A) an integrated cell holding instrument 
provided witii a plurality of ndoodectrodes on a substrate, 
a cdl holding part for placing cdls thereon, and an dectric 
connection means for providing an dectric signal to the 
microdectrodes and for leading out an electric signal from 6S 
the microdectrodes; CB) a stimulation signal supply means 
to be connected to tiie electric connection means of die ceU 



coating are also substantially transparent or translucent 
Buthermore, ' when the plurality of microdectrodes is 
arranged in a matrix form, it is easier to spedfy positions of 
electrodes which are applied with stimiulation signals or 
dectrodes where voltage signals arising from cdl adtivities 
are detected. For example, it is preferable to arrange 64 
nucrodectrodes in 8 columns and 8 rows. In addition, the 
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surface area of each electrode should be as broad as possible 
for reducing surface resistance and enhancing detection 
sensitivity. However, taking lestrictions etc, arising frora an 
electn>de-to-eIectnxie distance and space resolution of mea- 
surement into consideration, it is preferable that each elec- 
trode has a surface area of from Axld^ \mi^ to 4x10* \im^. 

Furthexmore, it is preferable that the decuic connection 
means includes a half-split holder which has a contact 
touching the electric contact point and tixes the glass plate 
by holding it from the top and bottom. According to this 
configuration, fixation of the glass plate and drawing of the 
microelectrodcs to the outside can be performed easily and 
accurately. Furthermore, it is preferable that the electric 
connection means not only fixes the holder, but also com- 
prises a printed circuit board having an outside connection 
pattern which is connected to the contact of the bolder via a 
connector. As a result, connection with outside instruments, 
namely, with a stimulation signal supply means and a signal 
processing means is fadlitated. For the transmission of 
stimulation signals or detection signals with as littie attenu- 
ation and distortion as possible, contact resistance of the ^ 
electric contact point with the contact as well as contact 
resistance of the contaa with the connector are both pref- 
erably below 30 m ohm. 

In addition, it is preferable that the optical observation 
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FIG. 4 is a model cross-sectional view of a planar 
electrode. 

FIGS. 5(A) and 5(B) are a flat diagram and a side 
cross-sectional view showing a state in which a planar 
electrode is fixed by being held between upper and lower 
holders. 

FIG. 6 is a perspective view of the planar electrode and 
die upper and lower holders of FIGS. 5(A) and 5(B). 

FIG. 7 is a side view of a contact equipped to an upper 
holder. 

FIG. 8 is an assembly diagram of an integrated cell 
holding instrument seen from an opposite direction of FIG. 
2. 

FIG. 9 is a block diagram of a cell potential measurement 
apparanis in one embodiment of this Invention. 

FIGS. 10(A) and 10(B) are graphs showing one compara- 
tive example of a voltage waveform arising from activities 
of cultured ceUs measured by means of an integrated cell 
holding instnmoent used in this invention and a voltage 
waveform measured by means of a conventional general 
purpose glass electrode (electrode for measurement of extra- 
cellular potential). 

FIGS. 11(A) to 11(C) are diagrams showing measurement 



means «>n»pnsK an optical nucnwcopc. and an image 25 ^sults of spontaneous potential of oiltured cells measuied 
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pick-up device and an image display device connected to the 
optical microscope. In otiier words, the image of cells which 
is enlarged by a microscope is picked 19 by an image 
pick-up device (e.g., video camera) and then displayed in an 
image display device (e.g., a Mgh-accuracy display), so that 30 
it is easier to conduct measurement while observing the cells 
and the electrode positioa More preferably, when the optical 
observation means is further comprised of an image storage 
device, it is possible to/ecord measurement results. 

Also, when a pulse signal generator is used as die stimu- ^ 
lation signal supply means, various Idnds of signal wave- 
forms can be oppUtd as stimulation signals to the cells. It is 
preferable that the signal processing means con^ses a 
multi-cliannd amplifier which amplifies a detection signal 
arisiiig ftom cdl activities and a multi-channel display ^ 
device which displays an amplified signal waveform in 
realrtime, and that signal waveforms (change of cell poten- 
tial overtime) obtained fiom a plurality of electrodes can be 
displayed simultaneously. 

" It is preferable that a computer is provided to output the 
stimulaticm signal via a D/A converter, and St die same time, 
to receive and process an output signal arising fipom electric 
physiological activities of die cells via an A/D converter. As 
a result, the stimulation signal can be determined as an 
optional waveform on the screen or a waveform of a 
detection signal can be displ^ed on the screen. In addition 
to these operations, it is easier to di^lay these signals after 
being prcKessed in various forins or to ou^t them to a 
plotter or to store them. Furdimnore, vnsh die use of this 
computer, the optical observation means and the cell cul- 
turing means can be controlled. 

* BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing an integrated cell 
holding instrument used for a cell potential measurement 
apparatus in one embodiment of this inventioa 

FIG. 2 is an assembly diagram of an integrated cell 
holding instmment 

FIG. 3 is a flat diagram showing 64 microelectrodcs and 
drawer patterns disposed in die center of a planar electrode 
comprising an integrated cell holding instrument 
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by using an apparatus of this inveiuioa 

FIGS. 12(A) to 12(Q are diagrams showing measurement 
results of evoked potential of cultured cells measured by 
using an i^paratus of this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention will now be described in detail by referring 
to the attached figures and Che following examples. The 
exanq)les are illustrative and should not be construed as 
limiting the invention in any way. 

Hrst, an integrated cell holding instrument used for a cell 
potential measurement apparatus of this invention will be 
explained. The integrated cell holdir^ instrument 1, as 
shown as a perspective view in FIG. 1 and as an assembly 
diagram in FIG. 2, comprises a planar electrode 2, which is 
disposed with a plurality of microelectrodes and tbdr drawer 
patterns on the surface of a glass plate, half-split holders 3. 
4 for fixii^ the planar electrode 2 by holding it fiom the top 
and bottom, and a printed drctut board 5 on wMdi dsese 
holders are fixed. 

The planar electrode 2 h approximately the same as that 
disclosed in.Laid«q)en Ji^aoese patent application No. 
(Tokkai Hci) 6-78889 and otixers. The planar electrode 2 
conqnises, for example, a substrate made of a tnmsparent 
pilex glass havuig athickoess of 1.1 nun and a size of 5(b<50 
mm, and in the center of this substrate, 64 pieces of 
microelectrodes 11 are fanned in a matrix form of 8x8, and 
each microdeccnxfe is cmmected to a drawer conductive 
pattern 12 (cL HG. 3). Each of the electrodes 11 has a size 
of 50x50 pm square (area 25xl(P )un^ and the center-to- 
centa distance between the a4jaoent electrodes is 150 imt 
Furthermore, each side of the substrate has 16 pieces of 
electiic contact points 7 formed, totalling to 64 pieces (cf. 
FIG. 2). These electric contact points 7 are connected widi 
64 pieces of die microelectrodes 11 disposed in the center of 
die substrate to correspond by 1 to 1 by die drawer condiio- 
tivc patterns 12. 16 pieces of die electric contact poinu arc 
arranged on each side widi a pitch of 1.27 nun. Next, a 
method of manufacturing this planar electrode 2 will be 
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explained based on its cross-sectional view shown as FIG. 4. 
Each part in FIG. 4 is shown on a reduced scale for 
convenience. 

ITO (indium tin oxide), for example^ was applied to form 
a layer of 150 nm thick on the surface of a glass plate 13, 
which is then formed into the conductive pattern 12 through 
a photoresist and etching. On top of this layer, a negative 
photosensitive polyimide is applied to form a layer of 1.4 ^m 
thick, which is then formed into an insulation film 14 in a 
similar maimer. The ITO layer is exposed at the microelec- 
trode part, and at the part of the electric contact point, nickel 
IS of 500 imi thick and gold 16 of 50 nm thick, are coated 
on these paru. A cylindrical polystyrene frame 6 (cf. FIG. 2) 
with an iimer diameter 22 nmi, an outer diameter 26 mm, 
and a height 8 mm is adhered (via a conductive pattern 8 and 
an insulation film 9) on the glass plate 13 using a silicone 
adhesive. This cylindrical polystyrene frame 6 is fixed with 
its center matching the center of the glass plate 13, that is, 
the central part of 64 microelectrodes, and the inside of the 



connector which is mounted on a printed circuit board 5 used 
for ccMmection with the outside. 

On the other hand, the movable contact part 9J of the 
contact 9 protrudes from the boaom face of the upper holder 

5 3 at the point where the contact 9 is inserted into the holder 
and the groove of the upper holder 3 and fixed. This 
arrangement is shown in FIG. 8, which is an assembly 
diagram seen from the side opposite the assembly diagram 
of FIG. 2. In this state, the planar electrode 2 is fixed 

to between the holders 3, 4, and the movable contact part 9d of 
each contact 9 touches the electric contact point 7 of the 
planar electrode 2, and a predetermined contact pressure is 
exerted on the contact part due to elastic deformation of the 
curve part 9c. In this way, die electric contact point 7, which 

15 is connected to the microelectrode 11 of the planar electrode 
2 by way of the conducdve pattern 12, is electrically 
connected with small contact resistance Qess than 30 m 
ohm) against the contact 9. 

Next, the printed circuit board 5 will be explained. This 



polystyrene frame 6 becomes a cell holding part. The inside 20 printed circuit board 5 serves not only for fixing the assem- 

of this polystyrene frame 6 is filled with solutions compris- blics of the planar electrode 2 and the holders 3, 4, but also 

ing 1 wt % of chloroplatinic add, O.Ol wt. % of lead acetate. for drawing an electrical connection via a connector to the 

and 0.0025 wt % of hydrochloric acid. An electric current outside, starting from the naicrodectrode 11 of the planar 

of 20 mA/cm^ is generated for 1 minute to deposit platinum electrode 2 via the conductive pattern 12 via the electric 

black Ua on the surface of the gold plating of the micro- 25 contact point 7 to the contact 9. Furthennoie, this printed 
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electrode part 

Next, the half-split holders 3, 4 for fixing the planar 
eldctrode 2 by holding from the top and bottom will be 
explained. The holders 3, 4 made, for exan^le, of resin are 
provided with a stage part for hddiog a frame part of the 
planar electrode 2 and with a rectangular opemng in the 
central part, as shown in FIG. 2. The upper holder 3 is 
equipped with a pair of fixtures8 and 16x4 pairs of contacts 
9, 

A top face view of the holdos 3, 4 which hold and fix tb& 
planar electrode 2 is shown in FIG. 5(A), and its. side view 
(5(B)— 5(B) cross-sectional view) is shown in FIG. 5(B), 
and its perspective view seen tarn a bottom side is shown 
in HG. 6. As deariy shown in these figures, the fixture 8 is ^ 
pivoted on two opposing sides of the upper holder 3 by an 
axis pin 8a. Furthermore, a groove 4a is formed on two 
opposing sides of the lower holder 4 in ^bottom face. By 
fitdng a convex part 8^ of the fixture 8 into the groove 4a, 
(he upper and the lower holders 3, 4 are firmly fixed with the ^ 
planar electrode 2 held in between. 

64 peces of tixe contacts 9, which are disposed in the 
upper holder 3 to correspond to the electric contact points 7 
of the planar electrode 2, are formed by processing an 



circuit board 5 fari1itate>s hazuUing procedures, for example, 
installation to the measurement apparatus. 

This printed circuit board 5 comprises a glass qx>xy 
substrate disposed with double-faced patterns, and on the 
back face shown in FIG. 8, a connector 5a is disposed at four 
parts surrounding a circular opening formed in tfie centet By 
inserting 16 pieces of die pin part 9a which are protruding 
in two staggered rows from the four surf^ parts of the 
upper holder 3 into each corresponding connector So, the 
assemblies of tl^ planar electrode 2 and the holders 3, 4 are 
fixed at the printed circuit board 5, and at the same time, they 
are connected electrically. 

At an edge part Sb on both sides of the printed drcuit 
board 5, electric contact points are fonned at 2.54 mm pitch 
used for a double-£aced oomiector edge, and these electric 
contact points and the connectors 5a in the central part are 
connected by a drawer pattern 5c. An inner row of the 
double-sided connector 5a is drawn by a surface pattern, 
whereas an outer row is drawn by a back side pattern, and 
each of the edge part 56 is provided with 32 electric contact 
points formed for bodi sides togetbez; totalling 64 dectnc 
contact points. Fdr the purpose of assuring mechanical 
fixation, the upper holder 3 can be fixed to the printed drcuit 



elastic, conducting metal plate such as a pl^ compridng so ^>^^ ^ a vise. 

Bed coated with Ni and Au, and the contact 9 has a sh^ ApreferableoQnfigurationofacell potential measurement 

shown in FIG. 7. In other words, the contact 9 is comprised apparatus using the above-configured integrated ceU holding 

of a pin part 9a, and its base part 96, and a movable contact instrument lis shown In FIG. 9. The measurement apparatus 

part 9^ extending from the base part 9b via a curved part 9c. of this mhodiment fcgmiprUftft th^ nhnvift-fwfitifTnfd intf- 

Acoording to this structme, the movable contact part 9^ is 55 grated cell holding instrument 1, an optical observation 



capable of elastic displacement against the base part 9b. The 
upper holder 3 has 64 (16x4) pieces of holes formed which 
are inserted with the pin part 9a of the contact 9, and the 
same number of grooves are also formed which fit the base 
part 96. 

As shown in FIG. 2 and FIG. 5(B), the pin part 9a 
protrudes from the upper holder 3 at the point where the 
contact 9 is inserted into the above-mentioned hole and the 
groove and fixed. By alternately arranging the contact 9 



means 20 including an inverted ndcrosoope 21 for opdcal 
observations of cells which are placed in this integrated cell 
holding instrument 1, a conq>uter 30 including a means of 
providing a stimulation signal to the cells and a means of 
^ processing an output signal from the cells, and a ccU 
culturing means 40 for maintaining a suitable culture 
medium for the cells. 

Besides the inverted microscope 21 (for example, *1MT- 
2-F* or ^VCICr manufactured by OLYMPUS OPTICAL 



having two different lengths of the base part 96, 16 pieces of 65 CO., LTD.) where the integrated cell holding instrument 1 is 
the pin part 9a protruding from the upper holder 3 are lined installed, the optical observation means 20 also includes a 
in two staggered rows. This pin part 9a is connected to a SIT camera 22 used for a microscope (for example, **C2400- 
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08" manufaciuicd by HAMAMATSU PHOTONICS K.K.), 
a high-accurate display 23, and an image filing device 24 
(for example, 'TQ-ieOCy or "FTQ-SIOO" manufactured by 
MATSUSHTTA ELECTRIC INDUSTRIAL CO.. LTD.). A 
SIT camera is a general icnn used for cameras which apply 5 
a static induction transistor to an image pickup tube, and a 
Srr camera is a representative example of sensitive cameras. 
However, the high-accuracy display 23 can be used also as 
a display for the computer 30. The specific devices described 
above in parenthesis are illustrative examples, and the lo 
invention is not limited to these devices only. TTiis is also the 
same with the examples shown in the following. 

As for the computer 30, a personal computer (for 
example, compatible with WINDOWS) is used which is 
mounted with an A/D conversion board and software for 15 
measurement Tlie A/D conversion board includes an A/D 
converter 31 and a D/A convener 32 shown in FIG. 9. The 
A/D converter 31 has 16 bits and 64 channels, and the D/A 
converter 32 has 16 bits and 8 channels. 

The measuring software includes software for determin- ^ 
ing conditions needed for providing a stimulation signal or 
recording conditions of an obtained detection signal. With 
the use of this lype of software, the computer 30 is not only 
capable of structuring the means of providing a stimulation 
signal to the cells and the means of processing the detection ^ 
signal fiom the cells, but also is capable of controlling the 
optical observation means (the SIT camera and the image 
filing device) or the cell culturing means. 

In the following, particularly usefiil specifications for the 
software for measurement will be explained. On acomputcr 
sacen directed to parameter setting, it is possible to deter- 
mine conqilicated stimulation conditions by drawing a 
stimulation waveform on the screen using a keyboard or a 
mouse. Furthermore, recording conditions arc determined 
such that 64 input channels, a sampling rate of 10 kHz, and 
continuous recording over several hours are enabled. In 
addition, the dectrode which provides a stimulation dgnal 
or the electrode whidi draws out a detection dgnal fiom the 
cells can be specified by pdnting to a microscope image « 
displayed on the screen with a mouse or a pea. Besides, 
various comfitions such as temperature or pH of the cell 
culturing means 40 can be determined by using a keyboard. 

Arecording screen (fisplays a spcmtaneous action potea- 
tia] or an evoked potential detected finom the cells in real- 45 
time at a maximum of 64 channels. Rmhcrmotc, die 
recorded spontaneous action potential or the evoked poteit- 
tial can be displiQ^ on top of a micTDScope image of ceUs. 
When tiie evoked potential is measured, the whole lecorditig 
wavcfonn is (fispliQred. When the QKnttaneous action pot^ 50 
tial is measured, the recording waveform is disced only 
when an occuncnoeof spontaneous action is detected by a 
Sptke detection fimction using a window discriminator or a 
^ravcfotm disctlminaton When the recording waveform is 
di^l^wd, measmement parameters (e^ stimulation con* 55 
ditKms, recording oondiiiotB, tqnperatme, pH) at the time of 
recording are rimu l taneonsiy displ^ed in real-time. Tberc is 
also an alarm function provided in case when a temperature 
or pH goes beyond permissive limits. 
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When a stimulation signal is output from the above- 
configured computer 30, this stimulation signal is forwarded 
by way of the D/A converter 32 and an isolator 33 (for 
example, **BSI-2" manufactured by BAK ELECTRONICS 
CO., LTD.) to the cells. In other words, the stimulation 
signal is applied between two points selected from 64 pieces 
of the microelectrodes 11 in the integrated cell holding 
instrument 1. Then, an evoked potential arising between 
each of the microdeclrodes 11 and a GND level (potential 
of culture solution) is input to the computer 30 via 64 
channels of a sensitized amplifier 34 (for example, "AB- 
6iar' manufactured by NIHON KODEN CO., LTD. ) and 
the A/D converter 31. The amplification factor of the ampli- 
ficr 34 was 100 dB, and the frequency band was from 0 to 
10 kHz. However, when an evoked potential by a stimula- 
tion signal is measured, the frequency band was determined 
to be from 100 IJz to 10 kHz using a low cut filter. 

Next, the cell culturing means 40 is provided with a 
temperature adjuster 41, a circulation means of culture 
solution 42, and a means for supplying a mixed gas of air 
and carbon dioxide 43. Actually, the cell culniring means 40 
can be comprised of a product equivalent to a raicroincu- 
bator such as TDMI-2" and a product equivalent to a 
temperature ccmtroUer such as •TC-202" (both products 
manufactured by MEDICAL SYSTEMS CO,, LTD. ), and a 
CO2 bomb, for example, is used. This microincubator can 
conttol the temperature in the range of 0° to 50** C. by a 
Peltier element, and this microincubator is capable of hand- 
ing a liquid delivery speed of below 3,0 ml/min and an air 
supply speed of below 1.01/min. Altmiatively, a midoin- 
cubator integrated with a temperature controller (for 
example, IMraBS V" manufactured by OLYMPUS OPTI- 
CAL CO., LID.) may be used. 

A preferable embodiment of the cell potential measure- 
ment qjparams of this invention was explained above. 
However, the cell potential measurement apparatus of this 
invention is not limited to this embodiment only and can be 
performed, for example, in various other forms described in 
the fdlowirig. 

Althot^ a means for providing a stimulation signal to 
cells was con^nised of a con:q)uler and a D/A converter in 
the above-mentioned embodiment, this means m^ be com- 
prised of a general purpose or a spedal purpose pulse signal 
gcneratOL Here, the stimulatioti signal is preferably deter- 

mmed as a b^lar constant voltage pulse comprising a pair 
of positive and negative pulses for eliminating arti&ct, that 
is, for preventing DC oonqx>nents from flowing. In addition, 
it is inefentble to convert it to a ccmstant electric current 

pulse for preventing titeelectric cooent from flowing egcces- 
stvely. For cxanqile, the stimulation signal is preferably 

comprised of a positive pulse with a poise width of 100 iisec 
anUiterval of lOOpsec and anegativcpulseof 100 psec, and 
it is preferable that the peak el^ttic current of the positive- 
tt^ative pulse is b the lange of 30 to 200 pA. 

Furthermore, the installation of the cell culturing means 
40 hi the measurement zppsaaSm enables contumbite mea- 
wnement over a long period of time. Alternatively, it is also 
poss&le to configure the apparatus such that sample cells are 
placed in an faitegrated cell holding histrament and cultured 
inside an incubator which is picpmd sq>arately from the 
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un a conqrater screen for data analysis, FFF analysis, 60 measurement ^paratus, and such that the integrated cell 

iberence analvsis. And cnmRlftHnn flnalvela Mn liA holding instfiimMt i« tai-M. m«« «^ ^ „ i. 



coherence analysis, and correlation analysis can be con- 
duaed. In addidon, this screen has other functions, such as 
a single spike separation function using a waveform dis- 
criminator, a temporal profile display funcdon, a topography 
display function, an electric current source density analysis 65 
fiinctioa Results of these analyses can be displayed on top 
of the microscope unagc stored m the image filing device. 



holding instrument is taken om only for a comparatively 
short-term measurement from the incubator to be installed in 
the measuring apparatus. In this case, the cell culturing 
means 40 is not necessarily provided in the measurement 
apparatus. 

By using the above-mentioned cell potential measurement 
apparatus, nerve cells or organs were actually cultured on 
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the integrated cell holding instrument and the potential 
change accon^anied by activities of the nerve cells or nerve 
organs were measured. An exaII^)le of this measurement will 
be explained hereafter. A cerebral cortex section of rats were 
used as the nerve organs, which were cultured according to $ 
a method which will be described later on in an embodiment. 

It will be first referred to results of con^)aring a voltage 
waveform measured by means of an integrated cell holding 
instrtmient of this invention and a voltage waveform mea- 
sured by means of a conventional general purpose glass jq 
electrode (electrode used for measurement of extracellular 
potential). Nerve organs which were cultured for 14 days 
w^ used as the sample. A stimulation signal was {^plied 
between two adjacent electrodes of a planar electrode com- 
prising the integrated cell holding instrument, and a wave- 
form of evoked potential change over time which was 
induced at 8 electrodes dose to the two electrodes was 
measured. For the purpose of conq)arison, glass electrodes 
were sequentially transferred to the vidnity of the above- 
mentioned eight electrodes by using a three-dimensional 
micromanipulator, and the same voltage waveform was ^ 
measured. 

As a result of conq>aring the voltage waveform measured 
by using a planar electrode (integrated cell holding instru- 
ment) and the wavdorm measured by using the glass ^5 
electrode at eight parts, it was dear that both waveforms 
were veiy similar at all the ftarts. Representative examples 
of these waveforms are shown in FIG. 10(A) and FIG. 
10(B). FIG. 10(A) shows a waveform measured by a planar 
dectrodc, and FIG. 10(B) shows a waveform measured by 
a glass dectrode. When both waveforms are conq)ared, it is 
dear that there is a sli^ difference in frequency character- 
istics. Compared with the measurement using a planar 
dectrode, the measurement using a glass dectrode shows a 
small damage sustained to die follow-up proper^ toward a 
npd potential change. This is considered to result &om a 
capadtance difference of a glass dectrode and a planar 
dectrode. 

Next, an experiment was conducted to examine die rela- 
tionship between progressive days of nerve organs culmred 40 
on an integrated cdl holding instrument and the potential 
distribution arising from cdl activities. Prior to culture of the 
cells, the surface of a planar dectrode was covered with 
collagen gd for tfie purpose of enhanritig die adhesive 
property of each dectrode in the planar dectrode with the 45 
ceQs. In other words, collagen gd with a ^ckness of less 
than SO |ffli was formed on the surfiioe of each dectrode 
coated with platinum blade and also on the surface of an 
insulation coating in the vicinity tfaeieof as mendoned 
above. Then, on top of the collagen gel, and also where a 50 
microdectrode is present, a secdon of cerebral cortex of xats 
(thi c kness of less than 500 pm) was placed and cdbued 
Measurement results of 1}» spoidaneous potemial are shown 
in FIGS. 11(A) to 11(Q, and measmemient results of die 
evoked potential at the time ^^lea a stimdation signal is 55 
provided are shown in HG. U. 

FIO. 11(A) shows a microscopic image of die sample cdls 
and the microelectrodes, and waveforms of the spontaneous 
potential measured at seven dectrode parts indicated as 1 to 
7 on this image are shown in FIG. 1(B) and FIG. 1(C3. FIG. 60 
11 (B) is a waveform measured on the sixth day after oilture, 
and HG. 11(Q) is a waveform measured on the tendi day 
after culuire. A scde of the microscopic image, time of die 
measurement waveforms, and a scde of the voltage are 
indicated in die figure. According to the measurement 65 
results, it is confirmed, for example, diat on die sixdi day 
after culture, the spontaneous acdvides of the cells measured 



at each electrode are weak, and synchronic property of 
electrodes to each other can be hardly observed, whereas on 
the tendi day after culture, a large number of nerve cells 
become active simultaneously, indicating that the synchro- 
nic propmy of electrodes to each other increased. 

FIG. 12(A) also shows a microscopic view of die sample 
cdls and the microelectrodes. Image processing, which is 
induded in the software for measurement in the above- 
mendoned computer, was applied to draw an oudine of the 
cells and positions of each dectrode from die microscopic 
image onto the screea Furthermore, the voltage waveform 
measured at each dectrode was displayed thereon, as shown 
in FIG. 12(B) and FIG. 12(C). FIG. 12(B) shows a distri- 
bution of the evoked potential on the fifth day after culture, 
and HG. 12(C) shows the same on the tenth day sSta 
culture. A pair of dectrodes indicated on the Mpper right side 
with a + and - sign are electrodes applied with a stimulation 
signal. Right above a small square sign showing the position 
of each dectrode, a waveform measured by this electrode is 
displayed. In these waveforms, a part where a large vertical 
swing is observed on the left end is an artifact corresponding 
direcdy to the stimulation signal, and the potential change 
after die artifact indicates actud cdl activities. As a residt of 
these measurements, it is confirmed, for example, that on the 
fifth day after culture, die cell activities are limited in a place 
which is comparativdy close to the electrode positions 
applied with the stimulation signal, but on the tendi day after 
culture, the cdl activities can be observed in a wide range 
and their scale (amplitude) becomes larger 

Next, examples of a suitable culture method for cerd>ral 
cortex slices will be explained 

1) Culture medium 

Hie following additives were added to a culture medium 
in which Dulbeoco modified Eagle* s medium and HamF-12 
medium were mixed in a voltune ratio of 1:1 (media 
manufacDned by GIB(X) (X)., LTD. 430-2500EB). 

* glucose, GIBCO CO., LTD, 820-5023IN. ^85 
(totalling to 6 mg/L together with glucose oontdoed 
originally in the above-mentioned culture Tnedium) 

* putresdne, SIGNfACO., LTD. P5780, 100 pM 

* progestercme, SIGMA (X)., LTD. P8783, 20 nM 

^ hydrocortisone, SIGMA CO., LTD. H0888, 20 nM 
« sodhmi sdenite, WAKO CO., LTD. 198-0319, 20 nM 

* insulin, SIGMA CO., LTD. 1 6634, 5 mg/L 

* transferrin, SI(3MA CO., UD. T147, 100 mg/L 

* sodium bicarbonate, CO., UD. 2.438 g/L 

« addititm of a suitable amount of IN HQ or IN NaOH 
to adjust to pH 7.4 

After the above-mentioned additives were added, filtra- 
tion and sterilization were conducted, and the culture 
medium was perserved at 4^ C and ready to be used. This 
Guloire medium is herdnafier amply called *^culture 
medium** 

2) Structiue of a wdl on a planar decirode 

For die convenience of culturing serve.odls or nerve 
organs on a planar dectrode, a polystyrene cylinder having 
an inner diameter 22 mm, an outer diameter 26 mm, and a 
hdg^ 8 mm was adhered in the following steps. 

(a) On the bottom face of a polys^rene cylinder (inner 
diameter 22 mm, outer diameter 26 mm, bdght 8 mm), a 
sufSdent amount of an one-liquid silicon adhedve (DOW 
CORNING CO., LTD. 891 or SfflN-ETSU CHEMICAL 
CX)., LTD. K&42KrV) was applied. 

(b) The center of a e^s substrate in the planar dectrode 
and die center of the polystyrene cylinder were carefully 
matched and then adhered in dus state. 
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(c) By leaving it in an environment in which dust hardly 
enters for 24 hours, the adhesive was solidified. 

(d) After dipping in 70% ethanol for 5 minutes, steriliza- 
tion was conducted by air-drying inside a clean bench, 
which is then ready for processing the electrode surface. 
3) Processing of the electrode surface 

In order to enhance cell adhesive property on the surface 
of a planar electrode, collagen gel was formed on the surface 
of the electrode by the following method. All of these 
operations were, conducted under a sterilized atmosphac. 

(a) Solutions A, B, and C were prepared and iced. 

A. 0.3 vol % diluted hydrochloric add collagen solution 
(pH 3.0, NTITA GELATIN CO.. LTD. CcUmatrix Type I-A) 

B. Solution comprising a mixture medium of Dulbecco 
modified Eagle's medium and HamF-12 medium mixed in a 
volume ratio of. 1:1 (GffiCO CO., LTD. 430-2500EB), 
which is not provided with sodium bicarbonate and is made 
with a concentration 10 times higher than for an ordinary 
use, and then filtration and sterilization were conducted 
thereto. 

C Z2 g of sodium bicarbonate and 4.77 g of HEPES 20 
(manufactored by GBCO CO., LTD, 845-1344 IM) were 
dissolved in 100 mL of 0.05N sodium hydroxide solution, 
and filtration and sterilization were conducted thereto. 

(b) While cooling, the solutions A. B, and C were mixed 

at a voluran ratio of 8:1:1:. At this time, A and B are first 25 
mixed thoroughly and C is added afterwards to be mixed. 

(c) In a well of a planar electrode which was cooled in 
advance to about 4** C, 1 mL of the mixed solution of (b) 
was injected litUe by little. After the entire electrode surface 
was covered, the mixed solution was removed as much as 
possible with a glass Pasteur pipette. TTuough this operation, ^ 
a coating of the mixed solution was formed on the dectiode 
surftice with a thickness of less than 50 pm. 

(d) By heating the planar electrode disposed with the 
mixed solution coating at 37* C for 30 minutes, gelatini- 
zation of the mixed solution took place, and a colleen gel 35 
matrix was formed. 

(e) 1 mL of sterilized water was added into the well of the 
planar electrode, and about 5 miruites thereafter, the water 
was removed, ther^y washing. 

(f) Tlie operation of Step (e) was repeated two more times 40 
(a total of 3 times). 

(g) 1 mL of the culure medium (excluding insulin and 
transferxin) was injected litde by little into the well of the 
planar ele(4n>de, and preserved insideaOOxiiKaibator under 
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(d) The visual cortices cut into small pieces were placed 
in test tubes ft)r centrifugal separation, and after washing 
with Hanks* Balanced Salt Solution free from caldum and 
magnesium three times, they were dispersed in a suitable 
volume of die same liquid. 

(c) In the test tubes for centriftigal separation of Step (d). 
Hanks* Balanced Salt Solution free firom calcium and mag- 
nesium with trypsin dissolved at 0.25% was added to double 
the total volume. With gentle stirring, enzymatic processes 
were allowed to take place while the solution was constantly 
kept at 37° C. for 15 minutes. 

(f) To the culture medium shown in 1) (containing addi- 
tives, hereinafter abbreviated as a culture medium), 10 vol, 
% of fetal cow serum was added, which is then placed in the 
test mbes for centrifugal separation subjected to Step (e) to 
further double the total volume. With a glass Pasteur pipette 
having a reduced diameter produced by fire-polishing the lip 
end with a burner, gently r^)eating pipcrting (about 20 times 
at maximum), the cells were unravelled 

(g) Ccntrifugation was carried out for 5 minutes at 
9806.65 m/sec^ (that is, 1000 g). Upon completion of 
cetitriftigation, the sup^natant was discarded and the pre- 
cipitate was suspended iri the culture medium containing 5 
vol. % of fetal cow scrum. 

(h) Step (g) was repeated two more times (a total of 3 
times) . 

(i) The predpitatc finally obtjuned was suspended in the 
culture medium containing 5 vol. % fetal cow serum, and 
using m erythrocytometcr, the cell concentration in the 
suspension Hquid was measured After the measurement, 
using the similar cuUme medium, the cell concentration was 
adjusted to be 2 to 4x10* ccUs/mL 

Q) A planar electrode which was preserved in a CO2 
incubator after subjected to the process of above steps 1-3) 
was taken out, and the culture medium (firee ftom insulin and 
tranferrin) inside a well is removed, and 500 \sL of a culture 
medium containing 5% of fetal cow semm was newly 
injected little by litOe. Furthermore, 100 pL of the cell 
suspension liquid with die cell concentration adjtisted 
accxmiing to Step Q) was gendy added and again let stand in 
the CO2 incubatOL 

00 Three days after the performance of Stq> (j). one half 
(he culture medium was replaced widi a new one. For the 
replaced medium, the culture medium not containing fetal 
cow serum was used. By reducing the concentration of fetal 
cow scrum, growth of cells other than nerve cells (for 



die conditions of temperature 37«C, relative hunridi^ 97% 45 example, glial ccHs) can be wpprcsscd. 



and higher, OO3 conoeotzation 5%, and air concentiation 
95%, which is then ready for use. 
4) Qihure of nerve cells or nerve organs 
Generally speakii^ culture forms can be divided into two 



(1) Thereafta; half of the meditim was replaced in a 
dmilar manner every 1 to 2 days. 
4-2) Oilture method of a cerebral cortex section of rats 
(a) Bndns of SD rats 2 days old were removed and 



*«*^ Ti.*» x- - j« ^ • * J , 1 — . ...w N-v w tow 4, uujra oia were removea ana 

r ^^^^ ^ * Inmicrsed in iced Hanks' Balanced Salt Solution containing 



oiganoq^c slice culture of a nerve organ. Eadi form will be 
explattied in the following. 

4-1) Dissociated culture of cerebral visual cortex nerve cells 
oftais 

Ibe following operations were all performed in a steril- 55 
izcd atmosphere. 

(a) Brains of fetuses of SD rats at 16-18 days of preg- 
nancy were removed and immersed in iced Hanks* Balanced 
Salt Solution (manufactured by GIBCX) CO., LTD. 450- 
1250EB). « 

(b) From die brains in die iced Hanks* Balanced Salt 
Solution, visual cortices were cut out and transferred to 
minimum essential medium liquid (manufactured by 
OIBCX) CX)., LTD. 410-1 lOOEB), 

(c) In die minimum essential medium liquid, the visual 65 
cortices were cut into as small pieces as possible, 0.2 mm 
square at maximum. 



0.25 vpL % of D-gluoose. 

(b) In die ked Hanks* Balanced Salt Solution containir^ 
0.25 voL % of I>-g)ttoose, cerebral mcairiges attached on the 
brain are lemoVed ttdng a sharp-edged pincette very care- 
fully not to dab^ die cer^ cortex. 

. (c)About5p0^j^ 

of the oerdnal cortex without die cerdnal meninges was cut 
from die occipital lobe dde to die £nmtal lobe side along die 
callous body by means of ndcrosdssors used for surgical 
operations of eyes. 

(d) Subsequendy, using die ndcrosdssors used for surgi- 
cal operations of eyes, a cerebral cortex was cut out verti- 
cally to die cross-section of Step (c) widi a diidaiess of 200 
to 300 fmi to create a sectioa 

(c) The microsdssors used for surgical operations of eyes 

are used fimher to adjust a size of die section to be about 1x1 
mm. 
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(0 The planar electrode prepaied in the above-mentioned 
•*3) Processing of an electrode surface" was taken out from 
the COj incubator, and the cerebral cortex section whose 
size was adjusted was sucked up with a pipette having a 
diameter of 2 mm and larger very gently not to damage the s 
section, and then transfeiied into a culture well of the planar 
electrode. 

(g) With a Pasteur pipette with the tip end firc-polished 
with a burner, the material was arranged on the electrode 
such that the layer structure of the cortex faces upward and lo 
is placed on the electrode, while being careful not to damage 
the cerebral cortex section. 

(h) After the cerebral cortex section is placed on the planar 
electrode, the amount of the culture medium was adjusted so 
that a base of the section touched the culture medium and the 15 
top face was exposed id outside air. 

(i) After adjusting the culture medium amount, the planar 
electrode was placed in a sterilized Petri dish, and about 5 
ml of sterilized water at 37* C. was injected little by litOc 
into the Petri dish to prevent the culture medium from 20 
dryixig. and again let stand in the CO2 incubator: 

(j) Hiereaft^, the medium was replaced with a new one 
once every day while attending to the amount of culture 
medium. The ailture medium amount was determined to be 
the same as in Step (h). 25 

The invention may be embodied in other forms without 
departing from the spirit or essential characteristics thereof. 
The embodiments (Closed in this ^)plication are to be 
considered in all respects as illustrative and rx)t as restric- 
tive. Hie scope of the invention is indicated by the appended 30 
daims rather than by- the foregoing description, and all 
changes which come within the meaning and range of 
equivalency of the claims are intended to be embraced 
therein. 

What is claimed is: 35 
1. A cell potential measurement apparatus for measure- 
ment of dectrical physiological characteristics of ceUs, 
comprising: 

(A) an integrated cell holdmg instrument provided with a 
plurality of miooelectxodes arranged in a matrix form ^ 
on the surface of a glass plate, conductive patterns 
connected to the microe]ectrodes« electric contact 
points wtdch are connected to edge parts of these 
conductive patterns, an insulation coating covering the 
surface of said conductive patterns, said miooelec- ^ 
trodes being In electrical oranecdon to a cell holding 
part which is constructed so as to contain cells and 
arranged in an area inrfiMffng said fduraHty of micro- 
electiodes, and an electric connection means for pro- 
viding an electric signal to said microdectrodes arid for ^ 
leading out an electric signal from said ndcrodec- 
tiodes, said decttic connection means induding a 
bdf-split holder vMch has contacts toadiing said dec- 
tiic contact pdnts and fixes said gjlass plate by holding 
theplateat the top and bGAtoni of the plate; ^ 

(B) a stimulation . signal supply means to be connected the 
decttic connectionmeans of said integrated cell hold- 
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ing instrument for providing electric stimulation to said 
cells; and 

(C) a signal processing means to be connected to the 
electric coxmection means of said integrated cell hold- 
ing instrument for processing an output signal arising 
from electric physiological activities of said cells. 

2. The cell potential measurement apparatus as in claim 1, 
further comprising an optical observation means for observ- 
ing the cells optically. 

3. The cell potential measurement apparatus as in claim 1, 
further comprising a cell culturing means for maintaining an 
enviroiunent for culturing cells which are placed on said 
integrated cdl holding instrument 

4. The cell potential measurement apparatus as in claim 3, 
wherein the cell culturing means comprises a temperature 
adjustment means for maintaining a constant temperature, a 
means for circulatii^ a culture solution, and a means for 
supplying a mixed gas of air and carbon dioxide. 

5. The cell potential measuremeiu q)para£us as in claim 1, 
wherein said plurality of microdectrodes comprise 64 elec- 
trodes arranged m 8 columns and 8 rows. 

6. The cell potential measurement apparatus as in daim 1, 
wherein said microdectrodes each have an electrode area of 
4x10^ jun^ to 4x10^ ism\ 

7. The cell potential measurement apparatus as in claim 1, 
wherein said dectric connection means fixes said half-split 
holder; and said appartus further comprises a printed circuit 
board having an outside connection pattern which is con- 
nected to the contacts of said holder via a connector. 

8. The cdl potential measurement ^aratus as in claim 1, 
wherein contact resistance of said electric contact points 
with said contacts and ccmtact resistance of said contacts 
with said cormector are both less than 30 m ohnt 

9. The cdl potential measxirement apparatus as in daim 1, 
wherein said optical observation means comprises an optical 
microscope, and an image pick-up device and an image 
display device connected to the optical microscope. 

10. Tlie cell potential measurement i^yparatus as in daim 
9, wherein said optical observation means further comprises 
an image storage device. ^ 

U. The odl potential measurement apparatus as in daim 
1, wherein said stimulation signal supply means comprises 
a pulse signal geoerHtor, 

12. The cdl potential measurement apparatus as in daim 
1, wbeidn said signal processing means conquises a multi- 
dianiid anqilifier wlixdi an^liiies a detection signal arisii^ 
from odl activities and a mnlti-diaimd display device which 
displays an amplified dgnal waveform In led-^ime. 

13. Tlie odl potential measurement i^yparatus as in daim 
1, further comfnislng a conqiater i^di outputs said stimu- 
lation signal via a D/Aoonveitersnd leodves and processes 
an output signal arising from dectric physiolo^cal activities 
of sdd celte via an A/D conveitei; said ooripittf controlling 
said optical observation means and said ceQ culturing 
means* 

***** 



